INTRODUCTION
Thymus stem cells (TSC) are functionally defined here as those cells that have the capacity to seed the thymus and differentiate to functional thymusderived (T) lymphocytes. Hematopoietic stem cells isolated from mouse fetal liver or bone marrow have been reported to express low levels of Thy-1 antigen (Thy-11w), the Sca-1 antigen, but not the lineage markers Gr-1, Mac-l, B220, CD4, and CD8 (Lin-), and it has been estimated that these cells represent 0.05-0.1% of the total population (Spangrude et al., 1988a; 1988b; Ikuta et al., 1990) . Thy-1 lw Sca-1 lin-cells have the capacity to form day-12 spleen colonies (CFU-S) when injected intravenously into lethally irradiated adult mice, and to differentiate into T lymphocytes when injected into adult thymic lobes (Spangrude et al., 1988b) . The earliest thymocyte progenitor population found in adult thymus appears to express low levels of the CD4 antigen (Wu et al., 1991) .
A number of growth factors including Steel factor (SLF) (Huang et al., 1990; Williams et al., 1990; Zsebo et al., 1990) , leukemia inhibitory factor (LIF) "Corresponding author. (Williams et al., 1988; Fletcher et al., 1990; , interleukin-3 and-6 (Bodine et al., 1989; Chervenak and Altazan, 1990) , and interleukin-7 (Namen et al., 1988; Watson et al., 1989) have been reported as having an effect on stem cells or early progenitor cell survival. Many of these are produced by stromal cells of the bone marrow. The production of cytokines by the stromal cells of fetal liver that may influence haemotopoietic stem cells has not been well documented. SLF exists in a membrane anchored and soluble form, is the ligand for the ci-kit proto-oncogene, and is the gene product of the murine Steel locus on chromosome 10 (Huang et al., 1990; Williams et al., 1990; Zsebo et al., 1990 (Russell, 1979) . A normal number of both T and B lymphocytes is found in the peripheral lymphoid organs of Steel mice (Russell, 1979) . SLF synergizes with IL-7 to enhance the growth of pre-B colonies in semisolid cultures of murine bone marrow (McNiece et al., 1991) . SLF by itself stimulates the proliferation of bone marrow-derived murine spleen colonyforming cells (CFU-S) 
RESULTS

Kinetics of Thymus Lobe Reconstitution
The following experiments establish the criteria we use to characterize TSC and are similar to studies reported elsewhere (Goldschneider et al., 1986; Scollay et al., 1986; Spangrude et al., 1988b (Goldschneider et at., 1986; Scollay et al., 1986 Fig. 2(B (Boersma, 1983 (Katsura et al., 1986; Spangrude et al., 1988b; Ikuta et al., 1990) . As a result, we then analyzed TSC in adult bone marrow using limit dilution and observed a frequency of 1:12,000; see Fig. 2(B) . Thus, there is a real difference in the frequencies of TSC in fetal liver and adult bone marrow. Boersma (1983) has demonstrated that the frequency of both prothymocytes and day-9 CFU-S in fetal liver is considerably less than that in bone marrow. This effect was reported after I.V. transfer and may reflect a poorer homing ability rather than a lower frequency and fetal liver TSC may not seed the adult thymus as efficiently as TSC in adult bone marrow. The difference between the estimates of 1 in 12,000 for TSC frequency in bone marrow and I in 41,000 for fetal liver might be explained purely by the different source of these TSC, the fact that these estimates were made on different days post-I.T, injection, or the level of detection of Thy-1 cells. The estimates of the frequency in day-14 fetal liver; 1 in 14,000 by Ikuta et al. (1900) and 1 in 6,000 (the number required to give 50% of the mice repopulated) by Katsura et al. (1986) (Metcalf and Moore, 1971) . Stem cells present in the liver, at or around day 12, may favor commitment to cells of the erythroid/ myeloid lineage, thus limiting the proportion of stem cells available for the T-cell lineage.
It has been reported that colonization of a thymic lobe can result from the seeding of very few cells. Wallis et al. (1975) demonstrated that an irradiated thymus could be entirely repopulated with few stem cells after intra-venous (I.V.) transfer of bone marrow cells. The same conclusion was reached by Ezine et al. (1984) . In some mice they observed total lobe repopulation resulted from just one cell. Injection of 5 x 104 fetal liver cells resulted in 70% of the thymus lobes showing repopulation at day 21; see Fig. 2(A) . This observation supports the observations of Wallis et al. (1975) and Ezine et al. (1984) . Recently, de Vries et al. (1992) reported that thymic repopulation was observed in four out of nine mice that had been injected I.T. with just one c-kit cell purified from adult bone marrow.
The loss of the reconstitution capacity of TSC was followed by a secondary adoptive transfer procedure (Fig. 3) . The interesting observation was that after fetal liver cells had been in the thymus for 8 hr, their ability to recolonize another thymus lobe was lost. We argue from these data that following entry to the thymus, these cells rapidly undergo differentiation events that commit them to the T-cell lineage (even though Thy-1 cells cannot be detected for 10 days) with a concomitant loss of stem-cell activity. We have observed a similar phenomenon using adult bone marrow or c-kit cells (de Vries et al., 1992) Guidos et al. (1989) (Scollay et al., 1988) . The rapid loss of reconstitution potential of TSC (Fig. 3) -5 M 2-mercaptoethanol. The designated cytokines (Immunex, Seattle, WA) were addded at 20-30 ng/ml. After 5 days in culture, the medium was replaced. After 7 days, the cells were harvested from the wells and counted using trypan blue to determine cell viability.
